Species distribution models (SDMs) are an important tool in biogeography and phylogeography studies, that most often require explicit absence information to adequately model the environmental space on which species can potentially inhabit. In the so called background pseudo-absences approach, absence locations are simulated in order to obtain a complete sample of the environment. Whilst the commonest approach is random sampling of the entire study region, in its multiple variants, its performance may not be optimal, and the method of generation of pseudo-absences is known to have a significant influence on the results obtained. Here, we compare a suite of classic (random sampling) and novel methods for pseudo-absence * Corresponding author. 
Introduction

29
The most simple and widely applied method of generating pseudo-absences 30 is random selection of the entire study area (e.g., Gastón and García-Viñas, 
63
Another critical matter regarding pseudo-absence data is the extent from 64 which background is sampled. In fact, the available data in the background 65 is usually much larger than the data characterized by presence localities Table 1 ).
120
The study area was divided in 11 parts (in correspondence to each hap- The chosen resolution is adequate to the aims of this study, given the 'false leave-one-out cross validation (Kohavi, 1995) .
143
We used the area under the ROC curve (AUC) as the most widely used ground from which pseudo-absences are sampled (Fig. 2) . Thus, the first 184 step is the definition of the environmentally unsuitable areas as is done in 185 the RSEP method.
186
In the second step, alternative SDMs are built using random pseudo- any pair of points within the area (Fig. 1) ), each 10 km (the grid resolution).
193
The third step consists in selecting the optimum background extent and 
where v and x represent the AUC and the background extent respectively,
210
V m (Fig. 3) is the asymptotic AUC value achieved by the system and the Then, the minimum threshold extent x at which AU C x > V m is chosen (Fig.   219 3), and the corresponding fitted SDM is retained to produce the suitability 220 maps for the entire study area. Table 2 .
232
Target group selection (TG). In order to select a target group for each phylo- high number of presence points, we focused on species with a widespread 237 distribution in Europe as target group candidates.
238
For each candidate and Oak group, we computed the cross type of the (Table 3 , Fig. 4 ), but in turn it yielded poorly calibrated models (Fig. 5 ),
253
with a strong under-estimation of high probability values. We argue that 254 these results are due to the spatially clustered distribution of targeted group 255 Table 2 : Threshold distances to presences (kilometres) defining the background extents from which pseudo-absences are sampled. Each data in the column d max correspond to the length of the half diagonal of the bounding box that encloses the study area (Fig. 1), i.e.: the maximum possible distance between a pair of points within the study area. order to obtain reliable models (Lobo and Tognelli, 2011). 
RSEP, TS and TSKM methods
268
RSEP and three-step methods (TS and TSKM) attained similar results.
269
As expected, we did not find any significant differences in their AUCs ( Fig.   270 4, Table 3 ) since both TS and TSKM define a threshold extent based on 271 the asymptotic AUC value V m (Fig. 3) , close to the expected value of the 272 maximum distance threshold used by the RSEP method. With this regard,
273
TS and TSKM methods are preferable than RSEP, since using the theoretical significantly below the V m value by chance (Fig. 3) .
277
The suitability plots (Fig. 7) show a similar behaviour, clearly differ-278 ent from RS and TG. Thus, we conclude that the relevant step that affects
279
SDM results is the environmental profiling of the background, which con-280 stitutes the common characteristic of the RSEP and three-step methods.
281
As a result, RSEP was equally effective while entailing a more straightfor- 
RS method vs. RSEP, TS and TSKM methods
299
The RS method produced well calibrated SDMs, excepting in the zones 300 of higher environmental suitability, where the latter was over-estimated for 301 all Oak groups (Fig. 5 ). This is due to the fact that many pseudo-absences (Fig. 4) and for most Oak groups (Table 3) . 
313
In ecological terms, the variability in the predicted probabilities is related to 6). In fact, the most remarkable difference between both is a higher resolu-
323
tion of the profiling-based models as compared to RS for most Oak groups,
324
as depicted by the suitability plots (Fig. 7) . This means that ambiguous than MAXENT (Fig. 4) , although a more intensive testing beyond the scope 359 of this study would be required to ascertain the sensitivity of different algo-360 rithms to the pseudo-absence generation scheme. 3.5. Sample size effect on results
362
As sample sizes are heterogeneous across Oak groups, this allowed us 363 to indirectly evaluate the influence of the sample size in the performance.
364
Caution has to be given to interpreting inflated AUC values due to small 365 number of records (Wisz et al., 2008 
